Abstract The aim of this study was to assess the effect of adding industrial byproducts (açai fiber and glycerol) on the physical, physicochemical, and sensory properties of cookies. The statistical analysis showed that only the parameters of water content and water activity are significantly influenced by the amount of açai fiber added and by the fiber's particle size. Through sensory analysis of crispness and the flavor, it was found that the best percentage of açai fiber and the best particle size added to the cookie formulation were 10 % and + 28 mesh, respectively. From this result, another sensory analysis was performed to evaluate the effect of glycerol over the texture of the cookies. Acceptance indices for the crispness and flavor above 70 % were observed, indicating the possibility for industrial exploitation. Cookies with added industrial byproducts may be considered a source of fiber, as they contain 6 g/100 g fiber.
Introduction
Açai palm (Euterpe oleracea Mart.) belongs to the Arecales order, the Palmae family, and the Euterpe genus. The fruit is the most important part of the açai palm, both for the ecosystem and for human populations in the Amazon. Açai has raised considerable interest as a result of its potential as a functional food, mainly due to its anthocyanins and phenolics (Rogez 2000; Galate et al. 2012 ).
The increasing concern with possible environmental impacts and the increase in byproducts generated by food industries have led researchers to search for viable alternatives in generating new products for human consumption (Santos et al. 2010 (Santos et al. , 2013 . The high fiber content contained in food industry waste may be used in the preparation of cookies, increasing the offer of products with higher fiber content both for healthy consumers and for those who suffer from certain pathologies, e.g., intestinal constipation, high cholesterol levels, and obesity (Mauro et al. 2010; Han et al. 2010; Baiano et al. 2011) .
The dietary fiber present in food possesses the following health benefits: the regulation of intestinal functions; increased sense of satiation; a decrease in the caloric content ingested, and a reduction in the risk of disorders such as coronary diseases and certain types of cancer (Giuntini et al. 2003; Han et al. 2010) . Countless studies have been carried out that indicate the viability of using fructooligosaccharide (Handa et al. 2012) , barley flour (Frost et al. 2011) , cocoyam, fermented sorghum, and pigeon pea flour blends (Okpala and Okoli 2012) with the purpose of adding functional ingredients to the elaboration of cookies.
Many projects have been conducted to increase the amount of insoluble fibers in bread products, cookies, and cereal bars by adding fibers to cereals, fruits, vegetables, and powdered cellulose (Perez and Germani 2007; Baiano et al. 2011; Gomaa and Boye 2013; Alvarez and Barbut 2013) .
Glycerol, also known as glycerin or propane-1,2,3-triol, is an important by-product generated from the transesterification of vegetable oils for biodiesel production (Sotolani 2007) . The production of 10 kg of biodiesel can yield approximately 1 kg of crude glycerol (10 %) (Chi et al. 2007 ). In the food industry, glycerol is used as a food additive due to its stabilizing, antioxidant, sequestrant, emulsifying, and humectant properties and has been used in the preparation of salad dressings, candy toppings, and frozen desserts.
Considering studies that report the use of wastes to obtain products with greater added value and consumer interest in products with high nutritional value and/or health benefits, the objective of this study was to evaluate the use of the industrial byproducts açai fiber and glycerol as ingredients in the preparation of cookies.
Materials and methods

Materials
The industrial waste (açai grains) resulting from açai processing was provided by a company that processes and sells açai pulp in the state of Pará, Brazil. Glycerol and the other ingredients used in the preparation of cookies (Table 1) were acquired in a commercial establishment in the city of Belém, Pará, Brazil.
Methods
The experiments were performed on the premises of the College of Food Engineering of the Technological Institute of the Federal University of Pará (FEA/ITEC/UFPA).
Açai fiber
The açai grain was thawed in a refrigerator (brand GELOPAR, model GPTU 330) at 5°C for 2 days. Around 1,000 g were dried in a stove with air circulation (FABBE Ltda. Brand, model 179) at 60°C (12 h) until a final water content of around 5 % was reached. After drying, the açai grain was ground into 50 g portions using an HC21 mini food processor (Black & Decker) for about 20 s. Subsequently, a granulometric classification was performed using a Tyler series sieve (24, 28, 32, 42, 48 , and bottom setting) and a sieve shaker (BERTEL Ltda., Brazil, model magnetic 0701). The açai grains retained in the 28 and 42 sieves were classified as açai fiber.
Microbiological analyses
The açai samples underwent microbiological analysis using the tolerance parameters required by Resolution RDC No. 12 of January 2nd, 2001 (Brasil 2001) . All the analyses were performed in triplicate and followed the methodology described in the Compendium of Methods for the Microbiological Examination of Foods (Downes and Ito 2001).
Cookie preparation
The experimental procedure for the production of the cookies is presented in Fig. 1 . All ingredients were weighed on an electronic digital scale (BEL ENGINEERING) and homogenized to light dough in an electric mixer (MB BRAESI, model BP-06) for 10 min. After the ingredients were mixed, the ) using a rolling pin and a PVC cutter. The cookies were placed in metal trays and subjected to a temperature of 150°C in an electric oven (LAYR CRYSTAL 1-75) for 5 min, and were then cooled at room temperature for 4 h, as per trials performed by Ormenese et al. (2007) . The cooled cookies were wrapped in foil, placed in vacuum-sealed polyethylene bags, and stored at room temperature for 24 h before laboratory analysis was performed.
The assays were performed in two stages: 1st-an evaluation of the effect of the amount and particle size of the açai fiber in the standard formulation; and 2nd-an evaluation of the effect of the açai fiber and glycerol in the standard formulation.
In order to evaluate the effect of the quantity and particle size of the açai fiber in the standard formulation, a 2 2 statistical fractional factorial design was followed with one repetition. The independent variables were the particle size (PS) and the açai fiber (AF) corresponding to the amount of fiber replaced a portion of the flour. The order of the trials was random to avoid statistical distortion in the results, i.e., to avoid atypical deviations from being associated with the combinations of the levels.
The dependent variables obtained were the water activity (Wa), the water content (WC), the acceptance index of crispness (AIC), and the acceptance index of the flavor (AIF). The established levels for the independent variables are presented in Table 2 with the coded and uncoded levels of the variables for the trials in the factorial design.
After the dependent variables were analyzed (Table 2) , only one condition was selected for the appropriate açai content and particle size that served as the basis for the trials to evaluate the inclusion of glycerol and açai fiber in the cookie formulation.
In order to evaluate the effect of açai fiber and glycerol in the standard formulation on cookie acceptance (AIC and AIF), four trials were performed under the conditions shown in Table 3 : standard cookie (SC), glycerol-added standard (GAS), açai-fiber-added standard (AAS), and açai-fiber-and glycerol-added standard (GAAS). Glycerol was added according to the norms of the ABIA (1990) and of resolution no. 4 from 1988 of the National Health Council, which allows a maximum limit of 5.0 g/100 g or 5.0 g/100 mL in food.
Physical and physicochemical characterization of the cookies
The physical analysis of the cookies was based on procedures described in the method 10-50D of the AACC (1995) for the determination of weight, diameter, and thickness of the cookies before and after thermal treatment, in addition to the expansion factor.
The weight of each cookie was obtained using an electronic digital scale (BEL ENGINEERING). The thickness and the diameter of the cookies were measured with a caliper ruler. In this analysis, 10 cookies that were taken out of the oven and cooled for 4 h at room temperature were randomly chosen from the same experimental batch.
The expansion factor was determined from the ratio between the width and thickness values of the cookies, before and after the thermal treatment. The color was determined with a portable colorimeter (Minolta Model CR 310, Osaka, Japan) in the CIE (Commission Internationale de L'Éclairage) space using three readings: L*, a*, and b*, where L* is luminosity, a* is the intensity of the color red, and b* is the intensity of the color yellow.
The physicochemical analyses of the cookies were performed in triplicate, according to the methodology proposed by the AOAC (1997): water content in an oven at 105°C; ash after incineration at 550°C; and lipids (Soxhlet method). Total nitrogen was determined through the Kjeldahl method and converted into raw protein by a factor of 5.83. Total fiber was ) were obtained considering conversion factors (Brazil 2003) .
Sensory analysis
To evaluate the acceptance of the cookie formulations, a ninepoint structured hedonic scale was used, which varied from "I liked it very much" to "I disliked it very much," according to Dutcosky (2011) . The evaluator team was composed of 30 untrained testers, consisting of students and staff of the Federal University of Pará, aged 20 to 40 years.
Statistical analysis
The results obtained in the physical, physicochemical, and sensory analyses of the cookies were analyzed using the software Statistica version 5.0 (StatSoft Inc., USA) through analysis of variance (ANOVA) and Tukey's test at a 5 % significance level.
Results and discussion
The results of the microbiological analyses for coliforms at 45°C, Salmonella, and coagulase-positive staphylococcus carried out on the açai fiber were within the standards defined by the legislation (Brasil 2001) .
The values of total coliforms found in the samples analyzed were below the critical level of 10 2 UFC/g. This value indicated that the açai and its byproduct were manipulated in hygienic conditions and are appropriate for technological processing.
Effect of açai fiber content and particle size in the standard formulation
The experimental results of water activity (Wa), water content (WC), acceptance index of crispness (AIC), and the acceptance index of the flavor (AIF) obtained in the trials were performed according to the conditions in Table 2 , and are presented in Table 4 .
The results of the statistical analysis demonstrated that the evaluated parameters (açai fiber content and particle size) had a significant effect only on the dependent variables of Wa (p<0.0004) and WC (p<0.000009), with a non-significant effect for the rest of the variables. Considering that the maximum acceptable limit for replacing wheat is 10 %, as confirmed by Silva et al. (2001) , the conditions selected for the cookie preparation were a particle size corresponding to a + 28 mesh sieve and 10 % açai fiber (best formulation).
In the cookies prepared according to the design in Table 3 , acceptance tests were performed for the attributes of AIC and AIF, whose results are presented in Table 5 .
For the attribute of AIC, a difference (p≤0.05) was observed among trials SC, GAS and GAAS, meaning that adding glycerol and glycerol plus açai fiber reduced the acceptance of the cookie. This probably occurred SC with added glycerol GAS with added açai fiber AAS and with added glycerol and açai fiber (GAAS) In the same column, averages with a common letter indicate no significant difference among the results (p<0.05) as a result of glycerol's moist characteristic, which decreases the cookie's crispness. Trial AAS did not have a significant difference in relation to the standard formulation. For flavor, there was no significant difference (p≤0.05) between the standard formulation and the other formulations. However, in the trials with the addition of glycerol, the acceptance of the cookie flavor increased from 74.07 to 86.25 %. Glycerol did not affect the product's flavor and could be used with no rejection by consumers.
According to Sotolani (2007) , glycerol does not increase blood sugar levels and is not used as a substrate by cavitycausing bacteria.
The sensory analysis demonstrated that cookies with açai fiber and with açai fiber and glycerol may be commercially viable, as they have AIC and AIF values above 70 %. Studies performed with different types of cookies have demonstrated a strong trend among industries and researchers of promoting the enrichment of cookies, especially since these are low cost products that can be easily consumed by the underprivileged social classes (Silva et al. 2001; Santucci et al. 2003; Borges et al. 2006; Ormenese et al. 2007 ).
Physical characteristics of the cookies Table 6 presents the results of the physical parameters in the formulations of trials SC, GAS, AAS and GAAS where it was observed that all of the trials after cooking had a reduction in cookie weight. However, a significant difference (p<0.05) was shown among the cookies of trial GAAS and those of trials GAS and AAS. That is, the presence of glycerol and of açai fiber increased cookie weight.
The trials with glycerol yielded a lower specific volume. The index of expansion (IE) is statistically the same (p<0.05) among the trials, although the highest IE values (19.85) were found for the cookies containing glycerol. This result is explained by the water content, as expansion power is favored by an increase in the water content present in the cookie formulation according to Silva et al. (1998) .
In Fig. 2 , it can be seen that the cookie with açai fiber (AAS), which had a light color, had a difference in relation to the other trials. The addition of glycerol to the formulations made the color lighter for the GAS and GAAS trials, an 
Physicochemical characteristics of the cookies
The results of the physicochemical analysis are presented in Table 7 . The cookies' caloric value showed high nutritional content when compared to a standard complete meal averaging 2,000 kcal. Since formulation AAS contained the highest lipid content, it had the highest caloric value, which can be explained by the greater amount of açaí fiber and its oil in this particular formulation. All of the trials had water and ash contents within the legal values of 14 % for water content and 3 % for ash for cookies (Brazil 1978) . It was observed that the water content is the same between trials SC and GAAS, indicating that adding açai fiber minimizes glycerol's moist characteristic.
The maximum total fiber content found is within the guidelines by Anvisa (Brazil 1998) for high-fiber-content foods of 3 g/100 g. Adding glycerol and açai fiber did not lead to an increase in water activity and the caloric value is below 3 %, which shows that the stability is not significantly altered.
ADA (American Dietetic Association 2008) recommends the intake of 20 to 35 g/day of dietary fibers, 5 to 10 g of those being soluble fibers. The total dietary fiber content found in formulation GAAS was 6.15±0.28 g, which means the cookie is a high-fiber product. The insoluble fiber contents in the present research (5.34±0.73) were higher than the soluble fiber content (0.81±0.55). Dietary fibers can be categorized according to their water solubility: insoluble (structural polysaccharides such as cellulose, lignin, and hemicellulose) and insoluble (or non-structural), which have shown very distinct physiological effects. The effects attributed to fibers as a whole are related to the prevention of several gastrointestinal tract pathologies, which are the primary benefits mostly related to insoluble fibers (Ohr 2004 ).
The metabolic effects of insoluble fibers on the human body, found at a lower proportion (0.81±0.55) in the present study, are mainly related to a reduction in the absorption rate and effectiveness of nutrients such as glucose, lipids, and cholesterol and associated to their respective hypolipidemia and hypocholesterolemia levels (Ohr 2004) . The açai fiber cookie is, according to the Brazilian legislation, a high-fiber product (Brazil 1998) and helps reduce the incidence of rectal cancer associated to the consumption of vegetables, fruits, whole grains, and fibers. Silva et al. (2001) , when preparing cookies with 10 % Hymenaea stigonocarpa Mart. and Hymenaea stilbocarpa Mart., found total dietary fiber contents of 6.05±0.09 and 6.77±0.53 g/100 g, respectively, which are very close to the results found in the present research. Santos et al. (2011) produced cookies with manioc starch with 2.96 % crude fiber and with sour starch with 3.08 % crude fiber.
Other authors also used several raw materials to prepare cookies. Mauro et al. (2010) prepared cookies with kale stalk flour and spinach stalk flour and found values of 3.37 % and 4.25 % total dietary fiber, respectively. Handa et al. (2012) prepared cookies with fructooligosaccharide and obtained 12.1 % fibers. In all those studies, the cookies were classified as good sources of fibers according to guideline 27/98 (Brazil 1998; Brazil 2003) , which sets a minimum of 3 g/100 g fibers for solid foods.
Conclusion
The results obtained in the sensory analysis show that the cookies formulated with açai fiber (AAS) and with açai fiber and glycerol (GAAS) may be commercially viable, as they exhibited good acceptability among the testers. Adding glycerol and açai fiber to the cookie formulations did not alter the physical parameters when compared to those of the standard formulation.
It can be concluded that this product may be considered a source of fibers as it contains 6 g/100 g of fiber for solid foods.
